Learning Module Reactions of Organic Molecules
                    Name ______________
Memorize:

· Types of organic reactions:

1. Hydrogenation

2. Hydration

Both reactions are similar in that they are addition reactions and they add something (H2 or HOH) to the carbon-carbon double bond (C=C), changing it tosingle C-C bond
3. Oxidation
4. Reduction
In biochemistry Redox reactions focus on addition or removal of bonds to oxygen and hydrogen. Oxidation reraction is when bonds to oxygen are added or bonds to hydrogen are removed. Reduction is the reverse. These two are opposite of each other.

5. Condensation/Synthesis/Formation

6. Hydrolysis
These two reactions are also opposite of each other. In condensation two molecules react by removing water (H from one molecule and OH from another molecule) and joining in that place. In hydrolysis it is the reverse: water “splits” molecule in half by adding H to one side and OH to another.

7. Acid-base reactions

Reactions of carboxylic acids and amines since these two functional groups will react with water. Remember that biochemistry happens in aqueous solution of the cells so both groups will exist there as their conjugates. Carboxylic acid donate s a proton to water and amine accepts a proton from water.

· Nomenclature of simple organic molecules

Use your Generic reactions reference sheet to complete the following practice problems.

· Watch Learning Module Organic Reactions video on hydrogenation/hydration/dehydration reactions and complete the following exercises:
Practice 1
Draw the structure of the product formed by applying the characteristic reaction “hydrogenation of an alkene/alkynes” to the following molecule:

  CH3CH2CH(CH3)CH==CHCH3        +   H2        →     

· Explain why this reaction would not be possible for other functional groups.
Practice 2
Draw the structure of the product (show all possible isomers if applicable)* of the following reactions by applying the characteristic reaction “hydration of an alkene” to the reactants:

a. (CH3)2C==CH2
 +        H2O  
→            

b. CH3CH2CH(CH3)CH==CHCH3        +     H2O        →      
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* according to Markovnikov’s rule the hydroxyl group (OH) bonds to the carbon that has the greater number of carbon–carbon bonds, while the hydrogen atom bonds to the carbon on the other end of the double bond, that has more carbon–hydrogen bonds.
Practice 3
Apply the characteristic reaction “dehydration of an alcohol” to the following reactants and draw the structure of the product (show all isomers if applicable) that would be expected to form:
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· Watch Learning Module Organic Reactions Oxidation and Reduction Reactions and complete the following exercises:
Practice 4
In Biochemistry Oxidation  is when a substance loses bonds to H, gains bonds to O or loses electrons; Reduction is when a substance gains bonds to H, loses bonds to O or gains electrons 

Draw the structure of the product (show all possible isomers) of the following reactions by applying the characteristic reaction “oxidation of an aldehyde” to the reactants:

a. 
[image: image7.wmf]CHO


b. 
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For this reaction explain why it is an oxidation of an alcohol in terms of loss/gain of bonds to oxygen/hydrogen:
Practice 5
Draw the structure of the product* of the following reactions by applying the correct characteristic reaction “oxidation of an alcohol” to the reactants:
a. 
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* in the presence of water the direct oxidation of primary alcohols to carboxylic acids normally proceeds via the corresponding aldehyde, but we will show only final product (carboxylic acid) since in biological systems most reaction occur in aqueous solutions

Practice 6
Draw the structure of the product of the following reactions by applying the correct characteristic reaction “reduction of an aldehyde/ketone” to the reactants:

a. 
[image: image17.wmf]O


b. 
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c. 
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· Watch Learning Module Organic Reactions Video Condensation and Hydrolysis Reactions complete the following exercises:
Practice 7    Formation/Synthesis/Condensation Reaction
Draw the structure of the product of the following reactions by applying the correct characteristic acyl transfer reaction to the reactants:

· If the second reactant is an alcohol, an ester is formed.  This is called either “formation of an ester” or esterification.  

· If the second reactant is an amine, an amide is formed.  This is called “formation of an amide”.  

· If the second reactant is a thiol, a thioester is formed and the reaction is called “formation of a thioester”.

These reaction are also called Formation/ Synthesis/ Condensation reactions

a.


[image: image20.wmf]O

H

O

           +    
[image: image21.wmf]O

H

     

b.


[image: image22.wmf]O

H

O

       +     
[image: image23.wmf]N

H

2

O


c.


[image: image24.wmf]O

H

O

O

H

           +       
[image: image25.wmf]C

H

3

O

H


d.       
[image: image26.wmf]O

H

O

        +       
[image: image27.wmf]N

H

       

e.  
[image: image28.wmf]O

H

O

+

S

H


Practice 8
In the characteristic reaction “formation of an acetal”, the hemiacetal and alcohol come together to form the acetal while a molecule of water is eliminated.  Living organisms make complex carbohydrates from simple sugars this way.  
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[image: image29.wmf]O

O

H

+

O

H


b. 
[image: image30.wmf]O

O

H

+

O

H


c. 
[image: image31.wmf]O

CH

2

OH

H

O

H

O

H

O

H

O

H

H

H

H

H

+

O

H


d. 
[image: image32.wmf]O

CH

2

OH

H

O

H

O

H

O

H

O

H

H

H

H

H

+

O

CH

2

OH

H

O

H

O

H

O

H

O

H

H

H

H

H


*use the bold face –OH group on the second reactant

Practice 9
Draw the structure of the product of the following reactions by applying the correct characteristic hydrolysis reaction to the reactants:

· “hydrolysis of an ester” yields an acid and an alcohol

· “hydrolysis of an amide” yields an acid and an amine

· “hydrolysis of a thioester” yields an acid and a thiol



a.     
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DEET, an ingredient in mosquito and tick repellent
b.
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            Aspirin

c.
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    Benzocaine, a topical anesthetic

d.
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        Lidocaine, a local anesthetic

e.
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f.
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        *break this bond in the hydrolysis
· Explain in your own words what is the difference between hydration reaction and hydrolysis:
· What is the reverse reaction of hydrolysis called?

· What is the reverse reaction of hydration called?

· Watch Learning Module Organic Reactions videos and complete the following exercises:
Practice 10 ( a-J)
Draw the structure of the organic product(s) expected when the following characteristic reactions are applied to the reactant(s):

a. Apply the reaction “hydration of an alkene”.  Name main reactant and product:
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b.    Apply the reaction “dehydration of an alcohol”. Name main reactant and product:
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c.    Apply the appropriate oxidation of an alcohol reaction. Name main reactant and product:
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d.    Apply the reaction “oxidation of an aldehyde”. Name main reactant and product:
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e.     Apply the reaction “reduction of an aldehyde/ketone” 
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f.    Apply the reaction “reduction of an aldehyde/ketone” 
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g.    Apply the reaction “hydrolysis of an ester” 
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i.     Apply the reaction “hydrolysis of an amide”.  (Hint:  since this is a cyclic amide, there will be only one product and it will contain both of the functional groups formed by this reaction, the carboxylic acid and the amine.)
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j. Apply the reaction “phosphoester formation”
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k. Apply the generic reaction “formation of an amide” to the following structure 
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l. Show hydrolysis reaction of Saccharin.
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m. Synthesize vitamin C, an important nutritional biomolecule, by apply condensation reaction “formation of an ester” involving the bold-faced alcohol.  
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n. Apply Hydrolysis of phosphoester:
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· Watch Learning Module Organic Reactions Video Condensation and Hydrolysis Reactions and complete the following exercises:
Practice 11
Finish the following reactions and identify their type as condensation, hydrolysis, dehydration, hydration. Think about specific observations that allowed you to decide what reaction was occurring.

Remember: 

Hydrolysis and hydration:  [image: image56.png]



Condensation and dehydration:   [image: image57.png]
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Type of reaction _____________________
Practice 12
For each reaction shown below, identify the characteristic reaction(s) that have occurred.  Think about specific observations that allowed you to decide what reaction was occurring. Circle groups that have been transformed.
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Type of reaction _____________________
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Type of reaction _____________________

d.   
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e. 
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f. 
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g. 
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Type of reaction _____________________
In biochemical reaction often redox reactions are coupled with coenzymes. If main reactant is oxidized (loses electrons), then coenzyme picks up these electrons and is reduced. If main reactant is reduced (gains electrons) then coenzyme is oxidized (provides electrons).

Practice 13

For each reaction shown below, identify if reactant is oxidized or reduced and then show what would happen to the coenzyme.  
a. If NAD+/NADH is a coenzyme involved in this reaction, which form of the coenzyme is reactant and which is the product? 
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b. If NAD+/NADH is a coenzyme involved in this reaction, which form of the coenzyme is reactant and which is the product? Show them on correct sides of curved arrow. 
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c. If FAD/FADH2  is a coenzyme involved in this reaction which form of the coenzyme is reactant and which is the product? Show them on correct sides of curved arrow. 

[image: image89.emf]
Practice 14

Water is not the only substance that can hydrolyze (split) molecules. Strong base can do it as well.
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Formation of an Acetal
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Hydrolysis of an Acetal





� EMBED ACD.ChemSketch.20  ���




















+ 3NaOH (








PAGE  
17

_1341896207

_1341905805

_1494671732

_1494671742

_1527935597.cdx

_1558597153.cdx

_1596039358.cdx

_1596040219.cdx

_1558599989.cdx

_1559332791.cdx

_1527935599.cdx

_1494671746

_1494671748

_1494671755

_1494671756

_1494671747.cdx

_1494671744.cdx

_1494671745

_1494671743

_1494671738.cdx

_1494671740

_1494671741.cdx

_1494671739

_1494671734

_1494671735

_1494671733

_1341906463

_1347441618

_1494671731

_1341907066

_1341928594

_1341907436

_1341906894

_1341906033

_1341906376

_1341905912

_1341898636

_1341902989

_1341905238

_1341905307

_1341905419

_1341903054

_1341904112

_1341902790

_1341902865

_1341901548

_1341902450

_1341898665

_1341897861

_1341898030

_1341898609

_1341897988

_1341897616

_1341897829

_1341897592

_1212396854

_1341894893

_1341894970

_1341896168

_1341894924

_1233660880

_1341894803

_1341894838

_1341893075

_1287488628

_1212396903

_1212396928

_1212396879

_1212396405

_1212396808

_1212396831

_1212396732

_1212396784

_1212396462

_1198154478

_1198154898

_1198155481

_1198154585

_1198154444

_1135661172.cdx

